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Abstract Antibiotic resistance in urinary tract infec-
tions (UTIs) is a growing concern due to extensive antibi-
otic use. The study explores a drug repurposing approach
to find non-antibiotic drugs with antibacterial activity. In
the present study, 8 strains of Pseudomonas spp. were used
that were clinically isolated from UTI-infected patients.
Amlodipine, a cardiovascular drug used in this study, has
shown potential antimicrobial effect in reducing the various
virulence factors, including swimming and twitching motil-
ity, biofilm, rhamnolipid, pyocyanin, and oxidative stress
resistance against all the strains. Amlodipine exhibited the
most potent antimicrobial activity with MIC in the range of
6.25 to 25 pg/ml. Significant inhibition in biofilm produc-
tion was seen in the range of 45.75 to 76.70%. A maximum
decrease of 54.66% and 59.45% in swimming and twitch-
ing motility was observed, respectively. Maximum inhibi-
tion of 65.87% of pyocyanin pigment was observed with
the effect of amlodipine. Moreover, a significant decrease
in thamnolipids production observed after amlodipine treat-
ment was between 16.5 and 0.001 mg/ml as compared to the
control. All bacterial strains exhibited leakage of proteins
and nucleic acids from their cell membranes when exposed
to amlodipine which suggests the damage of the structural
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integrity. In conclusion, amlodipine exhibited good antimi-
crobial activity and can be used as a potential candidate to
be repurposed for the treatment of urinary tract infections.
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Introduction

Urinary tract infections (UTIs) are widespread bacterial
infections affecting individuals globally, presenting a signifi-
cant public health concern. The advancements of multidrug-
resistant (MDR) strains of Pseudomonas spp., particularly
Pseudomonas aeruginosa, have added a complex layer to the
management of UTIs. These MDR pathogens have evolved
intricate resistance mechanisms that defy traditional anti-
biotics, creating a pressing need for innovative treatment
strategies. MDR Pseudomonas spp. pose a formidable chal-
lenge in healthcare due to their exceptional resistance to
multiple antibiotic classes. Their resistance mechanisms,
including efflux pumps, antibiotic-modifying enzymes, and
membrane alterations, render them impervious to many
antimicrobial agents. The proliferation of MDR strains has
led to prolonged hospital stays, increased healthcare costs,
and elevated morbidity and mortality rates associated with
UTlIs. Conventional antibiotics, historically the cornerstone
of UTI treatment, are becoming increasingly ineffective
against MDR Pseudomonas strains, necessitating a reevalu-
ation of treatment approaches. This situation has catalyzed
the exploration of innovative strategies, one of which is drug
repurposing — the reevaluation of existing non-antibiotic
drugs for potential utility in treating bacterial infections.
Drug repurposing offers a promising avenue for addressing
MDR Pseudomonas UTIs. It leverages the existing library of
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drugs with established safety profiles, potentially expediting
the availability of new treatments while minimizing the risks
and costs of developing new antibiotics [1]. This approach
has particular relevance given the slow pace of antibiotic
development, which can take many years and substantial
resources [2].

Non-antibiotic drugs, initially designed for various thera-
peutic purposes, often possess mechanisms of action distinct
from traditional antibiotics. This diversity is a critical advan-
tage. Bacteria primarily develop resistance through genetic
mutations or resistance gene exchange. Non-antibiotic drugs,
with novel mechanisms of action, can evade these resistance
mechanisms, making it challenging for bacteria to evolve
resistance. Moreover, when used in combination with antibi-
otics, non-antibiotic drugs can enhance treatment outcomes
and reduce the likelihood of resistance emergence.

Amlodipine is among the repositioned medications that
have been consolidated in the literature to be used with new
therapeutic indications. These medications include cardio-
vascular, psychotropic, antihistamines, anti-inflammatory,
local anesthetics, tranquilizers, and anti-hypersensitive [3].
Due to its hydropyridine and calcium channel blocker prop-
erties, amlodipine is frequently the first-choice medication
for the scientific indication or treatment of arterial hyper-
tension, angina, and cardiac arrhythmias. Investigation on
amlodipine has suggested its antifungal properties [4] and
parasite-fighting properties [5]. Moreover, it exhibits anti-
neoplastic and antibacterial properties. These properties are
not entirely understood, although it is hypothesized that the
antibacterial properties arise from the compound’s action on
macrophages or inhibition of the efflux pump [6]. Antineo-
plastic effects can be caused via inducing apoptosis, chang-
ing the permeability of cells, and suppressing the G1 phase
of the life cycle [1]. We propose amlodipine redirection as
a successful treatment for a variety of diseases, particularly
infections brought on by bacteria that are resistant to drugs,
as reported in literature [7].

In conclusion, MDR Pseudomonas UTIs represent a
significant healthcare challenge, necessitating novel treat-
ment approaches. Drug repurposing of non-antibiotic drugs
emerges as a promising alternative, addressing the urgent
need to combat antibiotic resistance, expediting treatment
development, and harnessing diverse mechanisms of action.

This paper explores the significance of drug repurposing,
delving into its mechanisms with respect to the inhibition of
swimming and twitching motilities and biofilm production.
The paper contributes to the amlodipine effects on the pro-
duction of various virulence factors, including rhamnolipid
and phycocyanin, and challenges, with a specific focus on
its role in managing UTIs caused by Pseudomonas spp. It
aims to contribute to our understanding of this innovative
approach and its potential in addressing this critical global
health concern.
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Materials & Methods
Materials

Dimethyl sulfoxide (DMSO), Luria—Bertani (LB) agar
and broth, Mueller—Hinton-broth, Mueller Hinton agar,
and Tryptone soya broth agar were bought from Sigma
(St. Louis, USA). Amlodipine was bought from Dhamtech
Pharmaceuticals in Maharashtra, India. All compounds were
of pharmacological quality. A total of 8 UTI Pseudomonas
strains were taken for study, including Pseudomonas aerugi-
nosa, Pseudomonas Stutzeri, Pseudomonas fluorescens, and
Pseudomonas putida and strains were clinically isolated and
provided by the Dr. B.Lal Clinical Laboratory, Jaipur, India.

Estimation of MIC (Minimum Inhibitory
Concentration)

MIC determination was done by antibacterial susceptibility
testing [8]. The assay was performed with the collabora-
tion of broth microdilution test with resazurin dye, which is
based on the principle that the reduction of blue resazurin
to the pink product resorufin is only done by metabolically
active cells. The number of cells visible in pink color is met-
abolically active and is proportionate to this reduction [9].
Minimum inhibitory concentration (MIC) was determined
as the lowest concentration in the resazurin test that showed
no live cells, as indicated by a blue color. Bacterial colonies
were isolated from the agar plates, which were then placed
in Luria broth medium and left to grow overnight. To meet
McFarland’s criterion of 0.5, the bacterial suspension was
adjusted. The cells were diluted with medium to a concentra-
tion of 1x 10°® cfu/ml. Amlodipine’s antimicrobial properties
were examined using the broth microdilution method. To
dissolve amlodipine, DMSO was utilized. The chemical was
synthesized at two-fold concentrations in the range of 0 pg/
ml to 200 pg/ml from the stock solution. As a standard anti-
biotic, streptomycin was taken. A total of 200 pl each well
of a 96-well plate was made by adding 5 pl of test substance
and 5 pl of cells to 190 pl of LB medium. The plate was
then incubated for 24 h. To ascertain the vitality of the cells,
resazurin dye solution was added after a 24-h incubation
period [10]. Each well received a volume of 20 pl of Resa-
zurin, which was then incubated for two hours. Where pink
showed the presence of living cells, dark purple indicated
the presence of dead cells. The absorbance was measured
with a microplate reader at 570 and 590 nm. The vitality of
cells was calculated and expressed in percentage.

Evaluation of Biofilm Inhibition

Microtiter biofilm inhibition assay was performed to
assess the capacity of amlodipine drug to suppress biofilm
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development by crystal violet method with a slight modifica-
tion of Abbas et.al. [11]. Aliquots containing 10 ul of each
bacterial solution were roughly adjusted to an OD600 of 0.4
and combined with 1 ml of both drug-free and fresh TSB.
200 ul TSB aliquots, either drug-free or with medication,
were added to the microtiter plate wells and incubated for the
whole night at 37°C. After the non-adhered planktonic cells
were removed, the wells were air-dried and cleaned with
phosphate buffer saline (PBS). Following a one-hour air dry-
ing period and a 25-min methanol fixation, the adhering cells
were stained for fifteen minutes using 0.1% crystal violet.
The wells underwent three PBS washes before being redis-
solved in either glacial acetic acid (33%), or 95% ethanol.
Using a micro-titer reader, the OD absorbance at 590 nm
analysis was determined three times. The biofilm inhibition
percentage was determined according to the formula.

Biofilm Inhibition%
OD590(Control) — OD(Drug Treated Sample)
= k

100
OD590(Control)

Swimming and Twitching Motilities Inhibition Assay

Modified from the technique of Abbas et al., the impact of
amlodipine on twitching and swimming was observed[12].
To conduct the swimming experiment, swimming agar
plates containing 1% tryptone,0.3% agar, and 0.5% NaCl
were produced, both with and without amlodipine. A 24-h
incubation period at 37 °C was followed by the insertion of
5 pl into the middle of the agar plates after the preparation
and dilution of an overnight culture of Pseudomonas spp.
in tryptone broth. The zone of swimming was measured.

In order to perform the twitching experiment, 2 pl of
the generated culture was stab-inoculated into 1% LB agar
plates containing amlodipine and control plates. The plates
were then incubated for 48 h at 37 °C. After air-drying, the
plates were subjected to crystal violet staining following
agar removal. Subsequently, the dried plates underwent a
water wash to eliminate any residual dye. The measurement
of twitching zones was then conducted.

Pyocyanin Inhibition Assay

Pyocyanin is one prominently discovered P. aeruginosa
virulence factor. The MIC level of pyocyanin synthesis was
measured both with and without amlodipine drug. The test
was employed to evaluate the effects of amlodipine on P.
aeruginosa that was treated with MIC and that was not.
The synthesis of pyocyanin by Pseudomonas strains was
measured as previously mentioned by Das and Manefield
[13]. Specific controls pertaining to drug-treated samples
were employed for individual strains. After correcting to an

OD600 of 0.5, the strains were cultured for a night before
being utilized in the experiment. In MIC, 1 ml of broth con-
taining and excluding amlodipine was mixed with 10 pl ali-
quots of the bacterial suspensions. After being centrifuged
for 10 min at 11,000 rpm, the tubes were incubated for 48 h
at 37° C. Pyocyanin synthesis in the supernatant was esti-
mated using a wavelength of 691 nm. The experiment was
conducted thrice, and the extent of inhibition was assessed
by comparing the drug’s inhibitory impact on pyocyanin
production with the respective strain-specific controls.

Oxidative Stress Sensitivity Test

The potential of amlodipine to reduce resistance to oxida-
tive stress was assessed using the revised hydrogen peroxide
disc test method developed by Hassett et.al. [14]. The diam-
eters of the inhibition zones that developed around hydrogen
peroxide-loaded discs on LB agar plates streaked with Pseu-
domonas species bacteria and with amlodipine drug were
measured at its minimum inhibitory concentration (MIC).
Pseudomonas cultures in LB were produced overnight, and
aliquots of 0.1 ml were evenly distributed on the LB-agar
plates surface that contained amlodipine. Sterile paper discs
(6 mm) were placed on LB agar plates, and 10 pl of 1.5%
H,0, was administered onto the discs. The same procedures
were used to create control plates devoid of amlodipine. Fol-
lowing a 24-h incubation period at 37 °C, the inhibitory
zones were identified on the plates.

Rhamnolipid Assay

The rhamnolipid production was assessed using a colori-
metric orcinol-sulfuric acid test procedure [15]. To put it
briefly, 1 volume of supernatant and 9 volumes of recently
made 0.19% orcinol in 53% sulfuric acid were combined.
After 30 min of 80°C incubation, 15 min of RT cooling, and
an OD measurement at 421 nm wavelength, the sample was
examined. A standard curve between rhamnose and OD421
with a range of 0-50 pg/ml was created using rhamnose.
According to the OD value and the standard curve, the rham-
nolipid concentration was determined to be three times the
rhamnose concentration [16]. In a medium containing 2%
glucose or higher as a supplement, the orcinol-sulfuric acid
test will state the observed rhamnolipid concentration in the
supernatant [17].

Assessment of Amlodipine’s Impact on Bacterial
Protein Permeability

The approach employed by Kamurai et al. [1] was utilized
to determine the possible mode of action that amlodipine
employs to inhibit bacterial growth, its effect on protein
leakage was investigated. The cells were treated with a
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concentration of amlodipine at its MIC. To determine how
much protein seeped out of bacterial cells after they were
exposed to amlodipine, the Bradford technique was utilized.
Cells suspended in a 0.9% saline solution at an optical den-
sity of 600 (OD600) equal to 1.5, were subjected to incuba-
tion at 37°C with 120 rpm shaking following the addition of
amlodipine at its Minimum Inhibitory Concentration (MIC)
for 120 min. Afterward, the cell solution (500 pl) was cen-
trifuged at 7000 rpm for two minutes. Protein quantification
was executed using Bradford’s method. In a brief procedure,
50 pl of the supernatant were mixed with 950 ul of Coomas-
sie Brilliant Blue G-250. The absorbance at 590 nm was
then measured with a spectrophotometer after a ten-minute
color development period. Controls for comparison included
untreated cells and 0.1% SDS. Bovine serum albumin (BSA)
served as the standard for determining protein content.

Loss of 260 nm Absorbing Material

Cell lysis can be monitor by the release of UV-absorbing
substances. The examination of cytoplasmic membrane
leakage was made possible by monitoring the discharge
of cellular constituents, including ions, metabolites, and
nucleic acids, into the bacterial suspensions at 260 nm by
UV spectrophotometer [18]. Pseudomonas spp. broth cul-
tures in the tryptone-broth medium were left overnight and
adjusted to OD600. The cells were collected by centrifug-
ing them for 15 min at 400 rpm, discarding the supernatant,
and then washing and resuspending the pellet in 1X 7.4 pH
PBS (phosphate buffer saline). A MIC of amlodipine was
added to the suspension of cells. The positive control was
streptomycin (8 mg/ml). Three sets of experiments were
conducted. As a control, drug-free cells were used. Every
sample underwent a 60-min incubation period at 37 °C.
Following treatment, the cell solution was centrifuged for
15 min at 13,400 rpm to extract the supernatant, and the
OD 260 value was recorded to determine the proportion of
extracellular UV-absorbing components that were released.
Three duplicates of each measurement were taken.

Results
Analysis of MIC Values for the Bacterial Strains

The eight UTI clinical isolates of Pseudomonas that were
used in this study were subjected to MIC testing using
both the antibiotic (streptomycin) and nonantibiotic drug
amlodipine (Table 1). Therapeutically significant con-
centrations of the non-antibiotic medication amlodipine
were selected in the range of 3.12 to 200 pg/ml to assess
the minimum inhibitory concentrations in order to assess
the antimicrobial property of amlodipine against these

@ Springer

microorganisms. The compound’s compositions are dis-
played in Fig. 1. A part of the antibiotics was prepared
in 10% DMSO and diluted to 0.05% DMSO for testing
purposes. The positive control was streptomycin. Amlodi-
pine’s MIC ranged from 6.25 to 25 ug/ml. According to
Table 1, of the eight test microorganisms, four strains
(P. aeruginosa (PA41), P. stutzeri (BE4), P. fluorescence
(BEG6), and P. putida (Ppt) have demonstrated the MIC at
12.5 pg/ml; three strains (P. aeruginosa (PA9), P. aerugi-
nosa (PA46), and P. stutzeri (BES) have shown the MIC at
6.25 pg/ml, while P. aeruginosa (PA5) has demonstrated
the highest MIC of 25 pug/ml among all.

Assay of Biofilm Inhibition

The measurement of biofilm inhibition demonstrated that
the studied medication, amlodipine, could prevent biofilm
development at MIC (Fig. 2). The significance of the mean
difference between MIC values of amlodipine-treated and
untreated Pseudomonas isolates in this triplicate study was
determined using the one-way ANOVA. Statistical-signifi-
cance was inferred for p-values below 0.05. The presented
data in Table 2 represent the mean + standard error, includ-
ing the percent change from the untreated Pseudomonas
control for each parameter. Maximum inhibition was seen
in P. putida, P. fluorescens (BE6), and P. stutzeri, at 76.70%,
69.82%, and 57.33%, respectively, although P. aeruginosa
showed less inhibition when compared to other strains.

Inhibition of Swimming and Twitching Motilities Assay

The dimensions of Pseudomonas spp. swimming and twitch-
ing zones on LB agar plates were assessed both in the pres-
ence and absence of amlodipine at its Minimum Inhibitory
Concentration (MIC). The experiments were replicated
three times for accuracy (Fig. 3). Amlodipine substantially
decreased the swimming motilities of P. aeruginosa (PA41)
to a maximum of 54.66% and a minimum of 41.90% (PAS5).
In contrast, to control strains, P. fluorescence (BE6) showed

Table 1 Distribution of minimum inhibitory concentration of
Amlodipine against the isolated strains

S.no  Bacterial strains MIC 50 (ug/ml)  MIC 90 (ug/ml)
1 P. aeruginosa (PAS5) 25 50

2 P. aeruginosa (PA9) 6.25 25

3 P. aeruginosa (PA41) 12.5 25

4 P. aeruginosa (PA46)  6.25 25

5 P.stutzeri (BE4) 12.5 50

6 P.stutzeri (BES) 6.25 12.5

7 P. fluorescens (BE6) 12.5 50

8 P.putida (Ppt) 12.5 50
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Fig. 1 Determination of MIC
of Amlodipine against Pseu-
domonas spp. Strains via broth
microdilution in combination
with resazurin assay: The pink
color represents live cells, and
the blue color represents dead

cells
Fig. 2 Biofilm inhibitory activ- 100
ity of Amlodipine against all c
test strains o
et
S 80
=
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E
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Table 2 Effect of Amlodipine on tested strains in biofilm inhibition

PA9

S.no Bacterial strains Percent Biofilm inhibition
1 P. aeruginosa (PAS) 45.75+1.3210
2 P. aeruginosa (PA9) 55.53+1.1034
3 P. aeruginosa (PA41) 48.75+2.3782
4 P. aeruginosa (PA46) 51.72+1.6219
5 P.stutzeri (BE4) 57.24+2.3112
6 P.stutzeri (BES) 57.93+1.9870
7 P. fluorescens (BEG) 69.86+2.8110
8 P.putida (Ppt) 76.70+2.0212

the highest level of twitching motility inhibition at 59.45%,
while P. aeruginosa (PA5) showed the lowest level of inhibi-
tion at 48.57%.

PA41 PA46 BE4 BES BE6 PPT
Bacterial Strains

Pyocyanin Inhibition Assay

One significant P. aeruginosa virulence component that has
surfaced is pyocyanin. The MIC level of pyocyanin synthesis
was measured both with and without amlodipine drug. The
study was conducted thrice, and the one-way ANOVA test
was employed to evaluate the effects of amlodipine on P.
aeruginosa that was treated with MIC and that was not. The
significance level of the data was set at p-values less than
0.05. The findings were displayed as mean standard error of
percentage change from untreated P. aeruginosa controls
(Fig. 4a). Amlodipine shown a notable capacity to dimin-
ish pyocyanin synthesis and effectively reduce pyocyanin
pigment production. There was no phycocyanin production
seen in P. fluorescens and P. stutzeri, whereas amlodipine
showed significant inhibition of phycocyanin production in
different strains of P. aeruginosa and P. putida. The percent-
ages of inhibition of pyocyanin pigment in the presence of
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amlodipine were seen maximum in P. aeruginosa and P.
putida, respectively, were 61.25% and 65.87%.

Sensitivity to Oxidative Stress

P. aeruginosa’s capacity to survive and proliferate inside
cells depends critically on its resistance to oxidative stress.
Measurements were made of the widths of the inhibition
zones that formed around hydrogen peroxide-loaded discs
on LB agar plates that were streaked with bacterial culture
of pseudomonas spp. and contained amlodipine drug at
its MIC. Amlodipine significantly increased the widths of

a)

-
=
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>
=
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4
=
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" 40

% Phycocyanin Inhibition

30 T

T
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¥ ¥ Q¥ Q¥ ¢

Bacterial Strains
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inhibitory zones in plates, indicating that these medications
can reduce Pseudomonas spp. resistance to oxidative stress.
However, there was no discernible effect seen in P. stutzeri
and P. fluorescens with amlodipine, whereas a consider-
able effect was seen in Pseudomonas resistance to oxida-
tive stress. The experiment was conducted in triplicate. The
results showed the mean + standard error of inhibitory zones
in millimeters for both Pseudomonas controls treated with
amlodipine drug and those who were not. (Fig. 5). Amlodi-
pine considerably enhanced the widths of inhibitory zones
in plates, indicating that these medications can lessen Pseu-
domonas spp. resistance to oxidative stress. However, there

b)

w
=

W Control
W Amlodipine treated

~
=
1

—
>
1

Rhamnolipid concentration (mg/ml)

=
1

Bacterial Strains

Fig. 4 a Effect of amlodipine on Inhibition of Phycocyanin production. b Effect of amlodipine on inhibition of Rhamnolipid production

@ Springer



Indian J Microbiol (Jan—Mar 2025) 65(1):347-358

353

was no discernible effect was seen in P. stutzeri and P. fluo-
rescens with amlodipine, whereas a considerable effect was
seen in P. aeruginosa and P. putida with 64.70% and 54.94%
inhibitory activity, respectively.

Assessment of the Impact of Amlodipine on Bacterial
Protein Permeability

In order to ascertain the potential mechanism of action uti-
lized by amlodipine to impede bacterial growth, its impact
on protein leakage was examined. Amlodipine concentration
at its MIC was applied to the cells. The Bradford method
was used to calculate the protein amount that leaked out
of bacterial cells following their exposure to amlodipine.
It was demonstrated that when bacteria were treated with
amlodipine, the released protein concentration was raised
as compared to control, and there was an increase in protein

leakage (Fig. 6a). As per the data obtained, the extracellular
protein released in control of P. aeruginosa strains was in the
range of 82.76 to 90.55 pg/ml; for P. stutzeri, it was in the
range of 87.63 to 103.21 pg/ml, and 94.44 ug/ml, 105.16 pg/
ml for P. fluorescens and P. Putida respectively. Whereas
the amlodipine-treated cells of P. aeruginosa strains were
in the range of 589.07 to 687.43 pg/ml, for P. stutzeri, it was
in the range of 535.54 to 556.96 pg/ml, and 600.77 pg/ml,
421.61 pg/ml for P. fluorescens and P. putida respectively
Data obtained from amlodipine treated cells demonstrated
the increase in extracellular protein released by cells as com-
pared to control that was a clear indication of membrane
damage with the effect of the drug.

Fig. 5 Effect of amlodipine on =

resistance of oxidative stress on =

Pseudomonas spp. The results = S0

are expressed as mean +SD of o Bl Control

three independent experiments g

40+ Bl Amlodipine Treated
S P
s
S 304
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S 20
et
=]
= 104
L
N
L
g 0
a 2 9 » \o » o © S
LR LN N R R R
Bacterial Strains
800 a) b)
700 @l Control .
@l Amlodipine Treated =

Concentration (ing/ml)
=

Bacterial Strains
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-= Amlodipine treated
-+ Streptomycin treated

* * * - *—t
“ Q) N (3 Y “ o K
» > » 3 o 3 3
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Loss of absorbing materials (O.D @260nm)

Bacterial Strains

Fig. 6 a Effect of amlodipine on protein leakage b loss at 260 nm with the effect of amlodipine
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Rhamnolipid Assay

It is evident from data derived from control strains of Pseu-
domonas spp. that each strain has the production of rham-
nolipids (Fig. 4b). Of all the strains utilized in this study, P.
aeruginosa produced the highest amount of rhamnolipids,
ranging from 22.9 to 25.4 mg/ml. This is quite similar to the
previously published work of Chong et al. [19] and Soberén-
Chavez et al. [20]. Rhamnolipid produced by control strains
is in the range of 25.6 to 0.005 mg/ml, significant decrease
in rhamnolipid production observed after amlodipine treat-
ment was noted between 16.5 and 0.001 mg/ml, according
to the data gathered which indicates that amlodipine has the
great potential in inhibition of biosynthesis of rhamnolipid
that leads to decrease in the virulence of bacterial strains.

Loss of 260 nm absorbing material-

According to Zhou et al. [21], the measurement of UV-
absorbing material release serves as an indicator of cell lysi.
Analyzing the release of cellular components, such as ions,
metabolites, and nucleic acids, into the bacterial suspensions
at 260 nm allowed for the analysis of cytoplasmic membrane
leakage (Bajpai et al. [22]). As indicated by Table 3 and
Fig. 6b, the OD dramatically increased to 0.861 from 0.00 (P
value < 0.05) following treatment with amlodipine at MIC.
It appears from these findings that amlodipine causes dam-
age to the cytoplasmic membrane, which allows intracellular
components to leak out.

Discussion

The main objective of this investigation was to determine
which non-antimicrobial drugs would have had the most
antibacterial effects against pathogenic Pseudomonas strains
that cause urinary tract infections. With its intricate drug
resistance mechanism, Pseudomonas is a frequent oppor-
tunistic disease found in hospitals that poses a major risk to
public health. Therefore, a popular area of study right now

is investigating novel anti-infective therapeutic approaches.
It was observed in a previously published study that a class
of cardiovascular medicines offers intriguing research about
drug redirection. Amlodipine was found to have strong anti-
bacterial action on bacteria [23, 24]. Since amlodipine is
an antihypertensive medication, it works by blocking long-
lasting L-type channels, which are responsible for allowing
calcium ions to enter cardiac and vascular muscle cells. Its
structure has an incomplete phenothiazine ring and a halogen
(chlorine) attached, both of which are essential to the com-
pound’s antibacterial action [25].A study by Yan et al. con-
cluded that CCB might be utilized to treat a bacterial infec-
tion and can limit the development of Pseudomonas spp.
and the expression of its virulence factors. In this existing
study, Amlodipine (AML) had MIC in the range of 6.12 ug/
ml to 25 ug/ml and exhibited potent antimicrobial activ-
ity against all the pathogenic strains of Pseudomonas. The
results of this study support the previously published find-
ings that indicate amlodipine has good antibacterial activity
[26]. It also appears to be the most potential dihydropyridine
Ca** channel blocker, which is used to treat hypertension.
Amlodipine also demonstrated a remarkable range of MIC90
values of 10-50 pg/ml in vitro against a variety of bacte-
rial strains [24].There can be following reasons behind the
mechanism of inhibiting the growth of bacteria by amlodi-
pine. It can be done by Inducing iron starvation response by
regulating the calprotectin and by using the CCB for iron
channel protein PfeA that directly affects the quorum sensing
mechanism and flagellated locomotion in Pseudomonas to
exert an antibacterial effect [27]. It may function as antag-
onizing the Ca2* by changing the structure of drug efflux
membrane protein that includes (OprN, OprM, OprP, and
OpdQ) which results in an increase in the time of the drug
in bacteria hence providing antibacterial activity[28].This
molecule is proposed to possess potential efficacy against
bacteria, including Staphylococcus aureus, Escherichia coli,
Klebsiella pneumoniae, Salmonella typhimurium, Bacil-
lus cereus, Pseudomonas aeruginosa, and Acinetobacter
baumannii [24, 28-31]. The factors that contribute to the
virulence of Pseudomonas include quorum-sensing, biofilm,

Table 3 Effect of amlodipine at

. L Strain Without drug Amlodipine treated Streptomycin treated

MIC on membrane integrity in

Pseudomonas spp. Measured by Mean SD Mean SD Mean SD

components release (from cell)

of UV absorbing components at P.aeruginsa(PA5) 0.0012 +0.001 0.861 +0.002 0.763 +0.0031

260 nm P.aeruginsa (PA9) 0.001 +0.002 0.811 +0.0024 0.645 +0.0034
P.aeruginsa(PA41) 0.0022 +0.001 0.693 +0.0031 0.717 +0.0014
P.aeruginsa(PA46) 0.0011 +0.003 0.618 +0.0014 0.785 +0.0015
P.Stutzeri (BE4) 0.0024 +0.002 0.576 +0.005 0.824 +0.004
P.Stutzeri (BES) 0.004 +0.004 0.697 +0.0021 0.83 +0.0022
Pfluorescens (BE6) 0.0013 +0.001 0.678 +0.003 0.684 +0.0041
P.putida (PPT) 0.0031 +0.003 0.677 +0.0014 0.792 +0.0018
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and flagella, which provide bacterial communications and
drug resistance, as well as pilli, LPS, and other processes
that help in bacterial adherence and colonization to the host.
Moreover, effectors and poisons are introduced into the host
by secretion systems [26, 32-36]. P. aeruginosa frequently
produces a biofilm in order to initiate a persistent infection;
this is related to extracellular polysaccharide and bacterial
motility [37]. The creation of biofilms has the potential to
multiply bacterial drug resistance hundreds of times [38].
P. aeruginosa’s pathogenicity is largely dependent on the
synthesis of virulence factors and the synthesis of biofilms
[39]. Growth at high Ca”* levels increases biofilm forma-
tion in Pseudomonas and triggers the manufacture of many
secreted virulence components, including alginate, extracel-
lular proteases, and pyocyanin, according to research done
by Guragain et al. [40—42]. According to findings of present
study, Amlodipine considerably reduced the biofilm produc-
tion by Pseudomonas spp. This decrease in biofilm activities
can be related to the effect of amlodipine, a calcium channel
blocker, in decreasing the Ca2 + uptake, which would lead
to pathogenicity and defective cell physiology as calcium is
characterized as a regulator of biofilm formation [43], with
similar effect of amlodipine was also reported in findings
of Gupta et al. 2016 [4]. Another reason that can be consid-
ered is the inactivation of the EstA gene that affects cellular
motility, which includes swimming, twitching motility, and
swarming, as well as rhamnolipid deficiency that directly
affects biofilm production. P. aeruginosa secretes a number
of lipolytic enzymes, one of these, EstA, is an autoinducer
protein found in the outer membrane [44]; it helps give
bacteria their virulence function [45]. EstA is a potential
enzyme for these kinds of downstream processes. Wilhelm
et al.’s study shows that swimming, swarming, and twitching
of P. aeruginosa EstA are necessary for biofilm formation in
addition to rhamnolipid synthesis since the biofilm generated
by the estA mutant differed from the wild-type biofilm. P.
aeruginosa forms biofilms by a very complicated process
in which the generation of rhamnolipids, feeding, quorum
sensing, and cell motility all contribute to the development
of mature biofilms [46—49]. Motility is associated with bac-
terial adhesion and the establishment of biofilm [50]. MIC
amlodipine decreased both twitching and swimming motility
in our investigation, which is in line with findings that sali-
cylic acid [51] and azithromycin [52]. Amlodipine showed a
significant motility inhibitory activity against all the strains
in the range of 48.57 to 59.45% and 41.90 to 54.66% in
twitching and swimming motility, respectively, and this
may also relate to interference with impairment of bacterial
adhesion and biofilm development, which ultimately leads
to decrease in virulence.

Pyocyanin is characterized by pigment secreted by P. aer-
uginosa responsible for virulence and has the capacity to
oxidize and decrease other molecules, therefore eliminating

competing microorganisms and mammalian cells [53].
Through a type II secretion system, P. aeruginosa secretes
PCN into the surrounding environment [54]. It is thought
that PCN’s zwitter ionic characteristics and low molecular
weight make it easy for the toxin to pass across cell mem-
branes [55-57]. Because of this, reporting on PCN levels
is restricted to the compartments that are directly linked to
infection. It has been demonstrated that PCN intercalates
with DNA via an oxidative stress-dependent process. This
facilitates cell-to-cell contacts between P. aeruginosa cells
by modulating their physicochemical interactions and cell
surface characteristics. Therefore, by encouraging eDNA, it
has been proposed that PCN might help in the production
of biofilms and related to virulence [13]. In order to aug-
ment the virulence of P. aeruginosa in the present study,
amlodipine inhibited the pyocyanin production in the range
of 49.7 to 61.25%, although P. aeruginosa strain (PAS)
showed lesser inhibition of phycocyanin as compared to
other P. aeruginosa strains (PA9, PA41, PA46, BE6) this
might be because of more resistance of the strain which
can be related to higher MIC and lesser biofilm inhibition.
Results of current findings are near about similar to the study
done by Kim et al. and Rasamiravaka et al. [58, 59], whereas
a higher percentage (78%) of phycocyanin inhibition was
seen with the effect of aspirin [42]. We have reported the
lesser inhibition (33.33%) of phycocyanin at sub-MIC of
paracetamol as compared to amlodipine used in the present
study [58]. As per the previous research conducted, it was
reported that a multitude of pathogens produces enzymes
such as catalase and superoxide dismutase (SOD) to combat
the lethal effects of reactive oxygen species. For the treat-
ment of persistent P. aeruginosa infections, disruption of
superoxide dismutase activity may be able to overcome
multidrug resistance and strengthen the effects of existing
bactericidal drugs [59]. In this investigation, the presence
of amlodipine’s minimum inhibitory concentration (MIC)
(42.22-64.70%) increased the effect of H,0, and decreased
tolerance to oxidative stress.

Rhamnolipid is considered an important virulence deter-
minant of Pseudomonas [60]. Moreover, it plays a variety of
functions, including cell lysis [61], swarming motility [62],
and biofilm formation [47]. It is also a heat-stable hemoly-
sin [63]. As per our results, all strains showed production
of rhamnolipid in the range of 0.005 to 25.4 mg/ml (con-
trol values), but it was seen after treatment with amlodi-
pine, there was a drastic reduction (0.001 to 16.5 mg/ml) in
rhamnolipid supported by the Fig. 4b, justifying the role of
amlodipine in inhibition of rhamnolipid production which
is ultimately related to decrease in other virulence factors
of Pseudomonas like biofilm production. It indicates that
amlodipine has some function in inhibition of biosynthe-
sis of rhamnolipids and has shown a greater suppression
of rhamnolipid synthesis. As per the data, rhamnolipid
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inhibition was observed in the range of 35 to 80% for all the
strains, where maximum inhibition 80% was observed in
P. putida and 35 to 46.72% was observed by P. aeruginosa
which is higher as compared to sub-MIC of paracetamol
reported by Saleemet al. and in range with the study done
by Kim et al. on 6-gingerol [64, 65].

The current work used a protein leakage experiment to
investigate the mechanism of action of amlodipine in inhib-
iting the growth of Pseudomonas spp. This was carried out
in order to ascertain how amlodipine affected the bacterial
membrane’s integrity. One structural element that might be
harmed by the antibacterial activity of amlodipine is the bac-
terial membrane. Bacteria classified as Gram-negative have
an exterior membrane that protects their inner membrane or
cell wall from antibiotics and drugs, which makes them more
resistant. The cytoplasmic membrane serves as a diffusion
barrier, and a compromise in its permeability leads to the
leakage of proteins and nucleic acids. Targeting the mem-
brane represents a critical strategy in the formulation of anti-
microbial medications [66]. Therefore, pharmaceuticals hav-
ing the capacity to disrupt membranes might be employed as
antimicrobial drugs, to combat bacteria that cause chronic
infections [67]. Amlodipine treatment releases protein out of
bacterial cells, which is a sign of membrane damage. Based
on the quantity of liberated cellular components, the extent
of damage may be estimated [68]. As a sign of membrane
integrity, the discharge of intracellular components. When
tiny ions like potassium and phosphate are treated with the
right antimicrobial agent, large molecules like DNA, RNA,
and other materials seep out. The term "260-nm absorbing
materials" refers to the substantial UV absorption of cer-
tain materials at 260 nm. This method is widely used to
determine membrane integrity measures (Denyer et.al. 1990;
Hugo and Snow, 1981). The results of this investigation sug-
gest that amlodipine may influence Pseudomonas species by
perforating the bacterial plasma membrane. The leakage of
intracellular components supports this. Regarding NSAIDs,
Ahmed et al. obtained similar findings [69].

Conclusion

Repurposing FDA-approved drugs is a viable approach to
address the issue of rising anti-microbial resistance. In addi-
tion to demonstrating the possible suppression of virulence
by the cardiovascular drug Amlodipine, our investigation
clarified the substantial influence of this drug on biofilm
formation, swarming motility, and several other virulence
features shown in clinical isolates of Pseudomonas spp.
Therefore, treating bacterial infections brought on by MDR
strains of bacteria may benefit from the use of amlodipine in
addition to antibiotics. It can be concluded that amlodipine
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has potential and can be further explored for its characteris-
tics for UTI treatments.

Future Prospect

This study clearly demonstrates that the cardiovascular
medication amlodipine has a promising antibacterial action,
and it may be repurposed for antimicrobial therapy. Further
research might support the hypothesis that amlodipine acts
as an assistant compound by concentrating within the mac-
rophage, which promotes intracellular killing and prevents
mutation responses that lead to resistance because it may
boost the antibacterial action. Research on the synergistic
combination of amlodipine with other antibiotic and non-
antibiotic drugs can greatly expand the scope of prolonged
antibiotic therapy in bacterial infections, particularly for
drug-resistant bacteria.
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